grounds, wherein outputs are Supplied from the first and seventh nodes, and the emitter follower buffers are coupled to the first and Seventh nodes So that a negative feedback current is leaked through the collector parasitic capacitances of emitter follower buffer transistors. The bandwidth of the amplifier is greatly increased without making the circuit complex. The present invention relates to a wideband amplifier, and more particularly, to a wideband amplifier whose bandwidth is increased using a parallel feedback transistor (PFT).
Various methods have been proposed to increase the bandwidth of a laser diode(LD) driver integrated circuit (IC) which is a transmission System for optical communication.
The first proposed method is a parallel feedback method using the PFT, by which the bandwidth of the circuit is increased by using the PFT and a load resistance (here, the bandwidth is 9 GHz.) and the gain thereof is controlled by changing a bias current (see "9 GHz bandwidth, 8-20 dB controllable-gain monolithic amplifier using AlGaAS/GaAS HBT technology" by N. Ishihara et al., Electron Lett. Vol. 25, pp. 1317 25, pp. -1318 25, pp. , September 1989 .
The Second proposed method is a shunt feedback method using an emitter follower and a resistance, by which 11 Gb/S is obtained from an eye diagram of a differential output port (see "AlGaAs/GaAs HBT Ics for high-speed lightwave transmission systems" by K. Runge et al., IEEE J. Solid State Circuits, vol. 27, pp. 1332 -1340 , October 1992 .
In addition, a method for externally controlling an internal Voltage Swing of an adapting port to obtain 45 mA modu lation current and 5 GHz bandwidth is disclosed in "Silicon bipolar laser driving IC for 5 Gb/s and 45 mA modulation current and its application in a demonstrator System" by R.
H. Derksen and H. Wernz, IEEE J. Solid-State Circuits, vol. 28, pp. 824-828, July, 1993) .
The aforementioned related arts are directed to improving properties of the LD drier IC for the optical communication transmission System.
FIG. 1 shows a conventional wideband amplifier having a PFT, which includes an external differential amplifier 100, an internal differential amplifier 200, an emitter follower buffer 300 and a load 400.
The external differential amplifier 100 includes a first node 1, a first resistive element 2, a Second noode 3, a third node 4, a first transistor 5, a fourth node 6, a first current Source 7, a fifth node 8, a second transistor 9, a sixth node 10, a fourth resistive element 11 and a seventh node 12.
The internal differential amplifier 200 includes a second resistive element 15, an eighth node 16, a third transistor 17, a ninth node 18, a second current Source 19, a sixth transistor 20, a tenth node 21 and third resistive element 22.
The emitter follower buffer 300 includes a fourth transis tor 23, a third current Source 25, a fourth current Source 26, a twelfth node 27 and a fifth transistor 28.
The load 400 includes a fifth resistive element 29, a thirteenth node 30, a ninth transistor 31, a fourteenth node 32, a fifth current source 33, a tenth transistor 34, a fifteenth node 35 and a sixth resistive element 36.
The outputs of the wideband amplifier having the afore mentioned configuration are output via the eighth node 16 and tenth node 21.
Also, the collectors of the fourth and fifth transistors 23 and 28 are connected to the sixteenth node 37 to which power V is applied. The above current Sources are all connected to the Seventeenth node 38 to which power -V. is applied.
According to Such a configuration, the external differen tial amplifier 100 and internal differential amplifier 200 are At this time, the outputs are Supplied from the eighth node 16 and tenth node 21, and the voltage gain(AV 1) character istics is written as:
) where g is a transconductance of the first transistor 5 and Second transistor 9, g and C are a transconductance and an input capacitance of third transistor 17 and Sixth transis tor 20, respectively. Thus, the bandwidth becomes gR / C. R.
If the emitter follower buffer 300 is connected, the para Sitic capacitances C. between the base and collector of the fourth transistor 23 and fifth transistor 28 are connected to the eighth and sixteenth nodes 16 and 37, and the tenth and sixteenth nodes 21 and 37 respectively. Thus, the voltage gain A at the eleventh and twelfth node 24 and 27 consid ering the parasitic capacitance C is written as:
Therefore, the emitter follower buffer 300 functions to reduce the bandwidth somewhat.
On the other hand, the output resistance Ro at the eleventh and twelfth nodes 24 and 27 is as follows. In this case, the input resistance of the third and sixth transistors 17 and 20 is Set as r, and input resistance and transconductance of the fourth and fifth transistors 23 and 28 are set as r, and g, respectively.
The wideband amplifier should exhibit wideband charac teristics in a State where the load is connected. In consid eration of the structure of the PFT wideband amplifier, a load which has a differential amplifier Structure is generally connected.
When the load 400 is connected, an input resistance for the load becomes an output resistance R. of the preceding Stage, and the Voltage gain A at the thirteenth and fifteenth the relationship as expressed in the following equation (5) with respect to the V of eighth and tenth nodes 16 and 21:
where r and ib represent the input resistance and the base current of the seventh and eighth transistors 13 and 14, respectively. The magnitude and variation of it, can contribute to the Voltage gain decrease and bandwidth variation at the first and Seventh nodes 1 and 12, respectively.
However, Since the value of it, is very Small, the Voltage gain decrease is extremely Small. Furthermore, the band width change due to the variation of it, is negligible. Therefore, the Voltage gain characteristics of the first and Vel-1 sG.R.C.R.) where g is a transconductance of the first Seventh tran sistor 13 and eighth transistor 14.
If the emitter follower buffer 300 is connected, the para Sitic capacitances C are connected to the first node 1 and fifth current Source 33, and the seventh node 12 and fifth current Source 33. The Voltage gain A at the eleventh and twelfth nodes 24 and 27 is written as:
Compared with the equation (2), Zero of 1+SC/g is generated, which cancels the pole effect to increase the bandwidth. 4 In other words, the current negatively fed back from the eighth and tenth nodes 16 and 21 to the second and sixth nodes 3 and 10 is leaked via the parasitic capacitance C at a radio frequency region to increase the gain at that fre quency region, thereby expanding the bandwidth.
Such an effect occurs when capacitive elements are con nected between the first and seventh nodes 1 and 12, and the AC grounds (the sixteenth and seventeenth nodes 37 and 38 in FIG. 2) . As the capacitive elements, capacitive diodes or capacitors may be adopted without using the collector parasitic capacitance C of the fourth and fifth transistorS 23
and 28.
FIG .3 shows a Spice Simulation result using the measured parameters of an actually manufactured HBT, in which curve 1 represents bandwidth characteristics of the Voltage gain A of the conventional art, and curve 2 represents bandwidth characteristics of the Voltage gain A of the present invention. It is understood from FIG. 3 that the bandwidth of A is increased, compared with that of A.
The output resistance R at the eleventh and twelfth nodes 24 and 27 is written as :
whcih Shows that the output resistance R is decreased by 1/gmR, compared with the output resistance R, shown in the equation (3).
When the differential amplifier type load 400 is connected, the Voltage gain A at the thirteenth and fif AS described above, in contrast to the aforementioned prior arts, the present invention discloses a wideband ampli fier using the PFT, in which capacitive elements are con nected between the emitter nodes of the PFTS and AC grounds, outputs are Supplied from the emitter nodes of the PFT, and emitter follower buffers are coupled to emitter nodes So that a negative feedback current is leaked through the collector parasitic capacitances of emitter follower buffer transistors.
According to the present invention, a wideband amplifier whose bandwidth is increased considerably by using a parasitic capacitance and changing output nodes can be implemented without causing complexity of the circuit, compared with the conventional PFT wideband amplifier.
Also, the wideband amplifier according to the present invention can be adopted to the amplifying Stage of the optical communication analog IC(e.g., LD driver or limiting amplifier) manufactured using HBT, thereby considerably expanding the bandwidth of the IC.
Many different embodiments of the present invention may be constructed without departing from the Spirit and Scope of the invention. It should be understood that the present invention is not limited to the Specific embodiments described in this Specification. To the contrary, the present 
